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1. INTRODUCTION

Research and development programs dealing with nuclear reactors and
their radioactive products have been carried out at ORNL since its
beginning in 1943. An increasing number of radioactive and radioactively
contaminated facilities have been shut down due to completion of programs

or to being supplanted by more up-to-date facilities. Since these shut-

; down facilities contain hazardous amounts of both fixed and removable

radioactive materials, they must be kept under constant surveillance and
structurally maintained to preclude unauthorized entry by personnel and
to ensure against the release of radioactive contaminants to the environ-

ment. A portion of the financing and all personnel attention required

. for surveillance and maintenance of these facilities must be supplied by

on-going programs not related to the original programs which produced

the facilities. Although some advantage is gained in delaying final dis-
position of such shutdown facilities to await decay of relatively short- -
lived nuclides, further delay not only penalizes other programs but also
increases the risk of violation of containments due to deterioration or
accident. |

The shutdown facilities include four reactors: the Molten-Salt
Reactor Experiment (MSRE), shut down in 1969; the Homogeneous Reactor
Experiment No. 2 (HRE-2), shut down in 1961; the Low-Intensity Testing
Reactor (LITR); shut down in 1966; and the Oak Ridge Graphite Reactor
(OGR), shut down in 1963. This report considefs the final disposal of
the MSRE.

The two methods of disposal considered are: (1) removal and burial
of all radioactive and contaminated systems components in a solid-waste |
disposal area; and (2) entombment of the more radioactive items in con-
crete within the existing below-grade concrete-shielded cells. Both
approaches assume that the 233U now stored in drain tanks in a shielded
cell adjacent to the reactor cell will have been removed prior to begin-
ning the decommissioning. '

- This ;eport contains a brief history of the project and sufficiently

detailed descriptions of the radioactive and auxiliary systems to expiain
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the work that will be required to accomplish the decommissioning. More
detailed descriptions of the systems and components can be found in the
references. h

The MSRE was a 10-MW reactor built to investigate the practicality
of the molten-salt concept for central power station applications. The
reactor and its accessory components are located in a group of mostly
below-grade shielded concrete cells within a mill-type building remote
from the main ORNL area. The last charging of fuel salt containing 233y
as the fissionable species remains stored in two drain tanks in a cell
adjacent to the reactor cell. This salt must be heated to above
300°F annually to recombine radiolytically produced fluorine gas. Due
tolthe presence of the fuel and the residual radioactive fission and
corrosion products within it and distributed throughout the reactor pri-
mary system and fuel-processing system, a filtered ventilation system
must be maintained in operation. Additionally, varying degrees of sur-
veillance and maintenance efforts must be exercised on a daily, a monthly,
and an annual basis to guarantee that the reactor remains environmentally

safe.

2. GENERAL INFORMATION

2.1 General Description

The MSRE was a single-region, unclad—graphite—modérated, homogeneous -
fuel type reactor with a design heat generation of 10 MW. The cir-
culating fuel solution was a mixture of lithium, beryllium, and zirconium
fluoride salts containing uranium fluoride as the fuel. The mixture had
an euctectoid liquidus point of 840°F and operated normally at 1200°F core
outlet temperature. Reactor heat was transferred from the fuel salt to

a similar coolant salt and then dissipated to the atmosphere.

2.2 History

The MSRE was constructed during the years 1961-1964 in a building

originally built for molten-salt reactor experiments for the Aircraft

10y

‘e
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Nuclear Propulsion Program (ANP). The purpose of the,MSRE was to dem-
onstrate that such a reactor could be constructed and maintained without
undue difficulty and could be operated safely and reliably. Additional
objectives were to provide the first large-scale; long-term, high-
temperature tests in a reactor environment of the fuel sélt, graphite
moderator,-and high-nickel-base alloy (INOR~8) construction material.

The reactor first reached criticality on June 1, 1965, and concluded
operation on December 12, 1969. During this time the reactor accumulated
72,441 MW;hré using ‘235U fuel and 33,296 MW~hrs using 233U fuel for a
total of 105,737 MW-hrs which is equivalenf to 13,217 equivalent full-power
hours at 8.0 MW full power.

2.3 Reactor Site and Building

The MSRE is located in Melton Valley about one~half mile southeast of

.the main ORNL area (Figure 1) near the High Flux Isotope Reactor (HFIR)

and the Homogeneous Reactor Test (HRT) sites. A plot plan of the reactor
building complex is shown in Figure 2. Figures 3 and 4 ére views of the
front and rear of the building.

The building 1s constructed of steel framing and‘asbestos cement
type corrugated siding with a sheet steel interior finish. Essentially
all portions of the building below grade are constructed of reinforced
concrete. Figure 5 is a plan of the reactor building at grade level, and
Figure 6 is a plan 12 ft below grade showing the shielded cells and adja-
cent working areas. Figure 7 is an elevation through the cells. The
west half of the building at grade level is about 42 ft wide,'157 ft long,
and 33 ft high. This high-bay or "crane-bay" area houses the reactor cell
drain-tank cell, coolant-salt '"penthouse'", and most of the auxiliary cells.
It is serviced by two bridge cranes, one equipped with a 30-ton hoist and

the other with both a 3-ton and a 10-ton hoist. The east half is 38 ft

‘wide, 157 ft long, about 12 ft high. This section contains the control

rooms, maintenance shops, change rooms, and some offices. (As explained in

Section 3.5, some of these areas are now in use by groups not related to

the MSRE program.)
Most of the west half of the below-grade level is occupied by the
reactor cell, drain-tank cell, and auxiliary cells. The east half con-

tained an office, a maintenance shop, and a chemical_laboratory.
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2.4 Shielded Containment Cells

As shown in Figures 5 and 6 the reactor and its accessory components
are located in a group of shielded cells rather than in a single contain-
ment. This arrangement enhanced accessibility for maintenance and greatly
reduced the number of components incurring induced radioactivity due td
neutron irradiation. Only those components and structures within the
reactor shield tank were subjected to neutron irradiation and must be
partially or totally removed to reduce the radiation level. All other cells
will require only decontamination following either the removal or decon-
tamination of the items within them. Access to fhe cells is gained by
the removal of concrete roof plugs. The reactor cell and the adjacent
interconnected  fuel-drain-tank cell have an ll-gage stainless steel mem-
brane between the two layers of concrete roof plugs as a containment .
seal. Access to the cells is gained by cutting an opening in the membrane..
When the cell is to be resealed, a patch 1s welded over the opening. The
top shielding arrangements for the reactor cell and drain-tank cell are
shown in Figures 8 and 9.

The reactor cell is a cylindrical carbon steel vessel 24 ft in
diameter and 33 ft in overall height with a hemispherical bottom and a
flat top. The bottom is 1 to 1 1/4 in. thick and the cylindrical portion
is 2 in. thick except for the section containing the large penetrations
where it is 4 in. thick. The reactor cell vessel is installed within
another cylindrical steel tank refefred to as the "shield tank". This
outer tank is 30 ft in diameter by 35 1/2 ft high. The flat bottom is
3/4 in. thick and the cylindrical section is 3/8 in. thick. The tank is
supported on a reinforced concrete base within an enclosure formed by con-
crete soil—retaining walls and the concrete walls of adjacent cells. The
reactor céll vessel rests upon a cylindrical steel skirt supported from
the bottom of the shield tank. The annulus between the two tanks is
filled with magnetite sand and water; the cavity encompassed by the sup-
port skirt is filled only with water.

fenetrations into the reactor cell for pipes and conduits were pro-
vided by installing a bellows-equipped sleeve between openings in the two

vessels (Figure 10). The purpose of the bellows was to accommodate
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dimensional changes due to temperature and pressure. Pipes and conduits
pass through stepped shielding plugs which fit into the penetration
sleeves. The pipes and conduits are seal-welded to the two faces of the
plugs and_aré curved or coffset within the plug to prevent radiation
streaming.‘ The'outer rim of the shield plug is seal-welded to the sleeve.
Since the reactor cellﬁatmosphere extended to this seal weld, the sleeves

and shield piugs are contaminated up to that region.

2.5 Reactor Primary System

The major components of the reactor primary system are the reactor
vessel, the fuel-salt pump, the heat exchanger, and the interconnecting
pipes and flanges. All of these components are located inside the reactor
cell. Figure 11 is the fuel system process flow sheet showing both the
primary system itself and the various_subsystems. |

Except for the graphite moderator, all the materials of the primary
system that were in contact with the fuel salt are Hastelloy~N (INOR-~8),

a nickel-molybdenum-iron-chromium alloy which is highly resistant to cor-
rosion by molten fluoride salts and has high strength at eievated tempera-
tures. The properties of this material are listed in Table 1. Figﬁre 12
1s a simplified flow diagram of the reactor primary and secondary systems
and Figure 13 is a layout of these systems, Figure 14 is a photograph of

the reactor cell with the components partially installed.

2.5.1 Reactor Vessel and Core

Physical characteristics of the reactor vessel and its contents are
listed in Table 2. ,

The feactor vessel is 58 in. I.D. and about 94 in. high (Figures 15
and 16). The wali thickness of the cylindrical portion is 9/16 in. except
for the top 16 in., which is 1 in. thick. An 8-in.-I.D. half-round

welded circumferentially to the tank over the l-in.-thick section served

'as the fuel-salt inlet flow distributor. The salt delivered by the dis-

tributor entered the tank through 3/4-in.-diameter holes drilled through
the 1-in.-thick section. The salt flow from the flow distributor entered
the annular space between the vessel and core container and flowed down-

ward providing efficient cooling for the core can and reactor vessel walls
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Table 1. Composition and Properties of INOR-8

Chemical Properties:

Ni 66-717%

Mo 15-18

Cr , 6-8

Fe, max 5

c 0.04-0.08

Ti + Al, max - 0.50

S, max 0.02

Mn, max 1.

Si, max 1.0

Cu, max 0.35

B, max 0.010

W, max 0.50

P, max 0.015

Co, max 0.20

Phygical Properties:
Density, 1b/in.3 0.317
Melting point, °F 2470-2555
Thermal conductivity, BTU/hr-ft2(F/ft) 1 12.7
at 1300°F
Modulus of elasticity at ~1300°F, psi : 24.8 x 108
Specific heat, BTU/1b-°F at 1300°F 0.138
Mean coefficient of thermal expansion, 8.0 x 10°
70-1300°F range, in./in.-°F
Mechanical Properties:
Maximum allowable stress,* psi: at 1000°F . 17,000
' 1100°F 13,000
1200°F 6,000
1300°F 3,500

*ASME Boiler and Pressure Vessel Code Case 1315.
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Table 2. Reactor Vessel and Core Design Data and Dimensions

Construction material

Inlet nozzle, Schedule 40, in., IPS

Outlet nozzle, Schedule 40, in., IPS

Reactor vessel
0.D., in.
I.D., in.
Wall thickness, in.

Overall height, in. (to centerline of
5-in. nozzle)

Head thickness, in.
Inlet
Cooling annulus I.D., in.

Cooling annulus 0.D., in.

Graphite core
Diameter, in.

Number of regular graphite core
blocks

Number of fractional core blocks

Core block size, in. (regular)

Core container
1.D., in.
0.D., in.
Wall thickness, in.

Height, in.

INOR-8

59 1/8 (60 in. max)
58

9/16

100 3/4

1
Constant area distributor
56
58

55 1/4
513

104
2 x 2 x 67

55 1/2
56
1/4
68
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by flowing countercurrent to the upflow of heated salt in the core. The
top and bottom of the vessel are 58-in.-I.D. flanged and dished heads.
The vessel is supported by 12 suspension rods from the top of the ;hermal
shield (to be described later). The suspension rods (Figure 17) are con-
nected to support lugs welded to the reactor vessel above the flow dis-
tributor.

The core can, or shell, is 55 1/2 in. I.D. and 67 15/16 in. high with
a wall thickness of 1/4 in. The can is supported by a ring at the top of
the can which is bolted to 36 lugs welded to the inside of the reactor
vessel wall. The can supports the graphite used as the moderator material

for the core.

The graphite moderator is formed of 513 blocks, each of which is 2 in.

x 2 in. x v67 in. These are stacked in a vertical close-packed array as
shown in Figure 18. In addition, there are 104 fractionai—sized blocks at
the periphery. Fuel passages were provided by milling a rectangular ver-
tical groove down each block face. When assembled, these grooves formed
0.4 in. x 1.2 in. vertical channels through which the fuel salt moved from
the bottom to the top of the core.

The vertical graphite blocks rest on a lattice of horizontal graphite
blocks, about 1 by 1 5/8 in. in cross section, laid in two 1ayérs at right
angles to each other. Holes in the lattice blocks accept the 1l-in.-
diameter doweled section at the lower end of each vertical block. The
upper horizontal surfaces of both the vertical blocks are tapered to pre-
vent salt from being retained on them when the vessel was drained. The
lattice blocks rest on a grid of 1/2-in.-thick INOR-8 plates set on edge
and varying in height from 1 5/8 in. at the core periphery to about
5 9/16 in. at the center. This support grid is fastened to the bottom of
the core can. Each of the vertical blocks is locked to the grid by 5/16-
in.-diameter rods which pass through holes in the grid and holes in the
doweled sections of the blocks. Forty-eight vertical fins located around
the periphery of the reactor vessel below the core support grid prevented
spiraling flow of the fuel salt in the region below the core.

‘ At the center of the bottom of the reactor vessel is a 1 1/2-in.

Schedule 40 drain line which extends about 2 3/4 in. into the vessel and
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is covered with a protective hood to prevent debris from entering the
pipe. A 1/2-in.-diameter tube within the drain line opens into the vessel
just above the bottom surface to allow complete draihing.

The top head of the reactor vessel is equipped with a 10-in.-diameter,
40-in.-tall nozzle. A 5-in. nozzle emerging from the side of the exten-
sion is the fuel-salt exit line from the vessel. The 10-in. nozzle served
also as an entry port for the three control rods (Figures 15 and 19) and
as an access for inserting and removing replaceable core blocks and

materials—-testing specimens.

2.5.2 Thermal Shield

The primary functions of the thermal shield (Figures 6, 7, and 20)
were to reduce the radiation damage to the reactor containment vessel and
to cell equipment, to serve as part of the biological shielding, and to
provide the support for the reactor vessel which is suspended within it.

The shield is a water-cooled, steel ball and water filled container
which completely surrounds the reactor vessel. It is about 10.4 ft 0.D.
by 7.8 ft I.D. and 12.5 ft tall. The l4-in.~wide annular space is filied
with 1-in.-diameter carbon steel balls. The shield coolant circulated
through the interstitial spaces. The shield walls are made of 1-in.-
thick 304 stainless steel plate.

Six separate parts make up the thermal shield assembly: the flat

>semirectangular base, the main cylindrical section, three removable seg-

ments of the cylindrical section, and the removable top cover. The
removable segments fill slots in the cylindrical sections through which
the reactor fill and drain line and the fuel-salt inlet and outlet lines
to'the reactor passed as the reactor vessel was lowered into position.
The base and main cylindrical sections have many equipment support struc-

tures attached to them.

2.5.3 Primary System Pump

From the top of the reactor vessel the fuel flowed directly to the
primary system pump bowl through a 13.8 ft length of 5-in. Schedule 40
pipe which enlarges to 6 in. below the pump to adapt to the pump suction

nozzle size. The components and appearance of the centrifugal sump-type
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pump and pump bowl are shown in Figures 21 and 22. The pump bowl is about
36 in. in diameter and contains the pump casing, gas stripping manifold,
sampler—enricher cage, and off-gas connections. It served as a surge tank
for the loop with a cover-gas pressure maintained above the operating salt
level. The removable pump and 75-hp motor assembly is about 8 ft tall and
consists of all the rotary elements and bearings of the pump. The assembly
is mounted on a 2 1/2-in.-thick plate that can move horizontally and ver-
tically to accommodate thermal expansion of the system. This was necessary
since the reactor position is fixed. The mounting plate is, in turn,

supported by two 8-in. horizontal I-beams attached to the cell structure.

2.5.4 Primary System Heat Exchanger

From the pump discharge the fuel salt passed directly through a 6.0 ft
length of 5-in. Schedule 40 pipe to the primary system heat exchanger
(Figures 23 and 24) which is a horizontal, shell and U-tube type, in which
the fuel salt circulated through the shell side and the coolant salt
through the tubes. It is of all-welded construction and made entirely of
INOR-8 except for the brazing material that sealed the tubes to the sheet.

The shell is about 16 in. 0.D. by about 8 ft 3 in. long and is 1/2 in.
thick including both the cylindrical portion and the heads. The fuel salt
entered at the U-bend end through a 5-in. Schedule 40 nozzle and emerged
through a 7 in. by 5 in. reducing nozzle at the bottom of the shell at the
tube-sheet end and flowed to the reactor inlet through a 17.2 ft length
of 5~in. Schedule 40 INOR-8 pipe. The coolant salt entered the top mani-
fold at the tube-sheet end and exited from the bottom manifold. Both the
inlet and exit nozzles are 5 in. diameter Schedule 40,

The heat exchanger contains 159 U-tubes which are 1/2 in. 0.D. with
a wall thickness of 0.042 in. The tube sheet is 1 1/2 in. thick. The
tubes are spaced and supported by three baffle plates and one barrier
plate (near the tube sheet) and in addition are laced with 1/4 in. x
20.017 in. INOR-8 straps to suppress vibrationms.

Due to the short lengths of interconnecting pipes and the immov-
ability of the reactor vessel, the heat exchanger, like the fuel pump, had

to be supported in a manner that allowed horizontal and vertical movement
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Figure 22. Fuel Pump Motor and Rotor Assembly Showing Flange
Bolt Extensions
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to compensate for thermal expansion. Two support saddles welded to the
shell supply support from a complex motion-adapting system which, in turn,

rests upon an assembly of 8-in. I-beams fixed to the cell structure.

2.5.5 Fuel Pugp,Ovérflow Tank

The primary system pump bowl has an overflow pipe and catch tank
(Figure 25) which was provided to avoid problems from inadvertent over-
filling of the system or unexpected volume expansion. The catch tank is
torus—shaped and fits around the pump intake line immediately below the
pump bowl. The tank is 30 in. 0.D. x 18 in. I.D. x 27 3/4 in. tall. The
wall thickness is 1/2 in. and the annulus between the inner and outer walls
is 5 in. wide. The 1 1/2-in. pump bowl overflow pipe extends from the top
of the catch tank through the bottom of the pump bowl to 1 1/2 in. above
the normal fuel-salt level. The tank is supported from the pump support
with a system of movable plates that allow horizontal motion to accommodatéb

thermal effects.

2.5.6 Fuel-Salt and Flush-Salt Drain and Storage Tanks

The primary system is provided with two fuel-salt drain tanks and a
flush-salt drain tank located in a shielded cell adjacent to the reactor .
containment vessel. Figure 26 is a process flow sheet for the drain tanks;;
and their auxiliary systems. In addition, a fuel storage and reprocessing?
tank is located in the fuel-processing cell. It is described in Section.
2.7.

Each of the two fuel drain tanks (Figure 27) is 50 in. in diameter
and about 86 in. tall, not including the steam dome and has a fuel-salt
capacity of about 80 ft3. Each is equipped with thirty-two 1 1/2-in.
cooling thimbles. The steam dome which is mounted atop the tank (Figure
28) contains l-in.-diameter cooling fingers extending into each of the
thimbles. Water boiling in the inner l-in.-diameter fingers in the thim-
bles reﬁoved both residual and fission-product decay heat from fue; salt
stored in the tank. The steam was routed to an external condenser and the
condensate returned to the fingers in a closed loop. _

The flush-salt drain tank is also located in the drain-tank cell and

contained the flush salt used to cleanse the primary system prior to
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charging it with fuel salt. This tank has the same dimensions as the
fuel drain tanks except for being 2 in. shorter. Since it has no cooling
thimbles, its salt storage capacity is about 2 ft3 greater than that of a
fuel drain tank.

Each of the three drain tanks is supported by two columns resting on
the cell floor. The columns are attached to support skirts welded to
tanks just above the upper head circumferential weld. An intermediate
supporting arrangement between the columns and skirts allowed the tanks
to be weighed by a pneumatically-operated weighing cell. The tare weight
of each of the fuel drain tanks is about 7,000 1lbs; the fully loaded
weight is about 17,000 1bs.

The drain connection between the reactor vessel and the drain tanks
consists of a 1 1/2-in. Schedule 40 INOR-8 pipe which extends from the
bottom of the reactor vessel through the shield wall between the reactor
cell and the drain-tank cell where it connects to the l1-in. pipes leading
from the tops of the drain tanks. During operation of the reactor, the

drain tanks were sealed from it by freeze valves.

2.6 Reactor Secondary System

The reactor secondary system consists of the tube side of the pri-

mary heat exchanger, the coolant circulating pump, the salt-to-air radiator,

the drain and fill system, and the interconnecting piping. The coolant
salt is similar to the fuel salt except that it contains no fissionable
materials. Figure 29 is the process flow diagram of the coolant system

and its auxiliary systems.

2.6.1 Heat Exchanger
The heat exchanger is described in Section 2.5.4.

2.6.2 Coolant Circulating Pump

The coolant-salt pump is of the same type and overall size as the
fuel-salt pump described in Section 2.5.3. It does not, however, have
an overflow tank. The pump is rigidly mounted in its own shielded cell

which is above the level of the other cells (Figures 7 and 13),
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2.6.3 Radiator

The radiator coil is an assembly of one-hundred twenty 30-ft-long -
"S"-shaped 3/4-in.-0.D. INOR-8 tubes (Figure 30) connected to vertical ) o
manifolds which, in turn, are connected to the 9-in.-0.D. inlet and outlet -
headers. The 5-in. Schedule 40 inlet line connects to the outlet from
the heat exchanger, and the 5-in. Schedule 40 outlet line goes directly
to the suction side of the pump.

The coil is enclosed in a housing (Figure 31) which is equipped with
vertically operated doors which regulated the air flow passing through
the coil and thereby the coolant-salt temperature. The total assembly is
mounted at the entrance of a double-walled steel duct leading to the 10 ft
diameter x 75 ft high steel heat—dump stack. Two 250-hp blowers supplied
the 200,000 cfm of air used to remove heat from the coil at the maximum
reactor power level of 10 MW. A separate cooling system used two 10-hp,
10,000-cfm blowers to supply air to the annulus around the duct. This was
necessary to prevent buckling and damage to adjacent concrete when the
coil exhaust air reached temperatures up to 1000°F under low-flow con-

ditions.

2.6.4 Secondary System Piping ' -

Like that of the primary system, the secondary system piping is 5-in.
Schedule 40 INOR-8 pipe. The sections of inlet and outlet lines to
the heat exchanger which are within the reactor cell are about 36.3 ft and
32.4 ft long, respectively. The lengths and arrangement of the piping
both within and outside the reactor cell allowed it to accommodate thermal

expansion so that the pump and the radiator could be rigidly mounted.

2.6.5 Coolant Drain Tank

The coolant-salt drain tank is located in a shielded cell almost

directly below the radiator. The coolant-salt piping has low points on

each side of the radiator; a 1 1/2-in. drain line runs from each of these

to the drain tank. 4
The drain tank is 40 in. 0.D. and about 78 in. tall with a wall

thickness of 3/8 in. in the cylindrical portion. The dished heads are

5/8 in. thick. The tank and all its attachments are made of INOR-8.
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2.7 Fuel-Processing System

Other than the reactor primary system and its associated drain
tanks, the only other system that contained large quantities of both unir-
radiated and irradiated fuel salt at any time is the fuel-processing
system. The components of this system which contained fuel salt and/or
fission products are located in a below-grade-level concrete-shielded
cell just north of the drain-tank cell (Figures 6, 7, and 32). The two
purposes of the processing were to clean both new and used fuel salt of
oxides and water by sparging with hydrogen fluoride and to recover uranium
from used fuel salt by sparging with fluorine. A simplified flow diagram
of the system is shown in Figure 33. Figure 34 is a complete flow diagram
showing both the main system and its auxiliary systems.

The sparging tank, generally called the 'fuel storage tank', is the

only component of the system that contained fuel salt. A 1/2-in. Schedule . .

40 pipe from this tank to the fuel-salt and flush-salt storage tanks

was used to transfer salt to and from the primary system. The tank
(Figure 35) is 50 in. 0.D. and 116 in. tall. Its cylindrical section is
1/2 in. thick and the dished heads are 3/4 in. thick. All parts are made
of INOR-8. It is mounted on a pneumatically-operated weighing cell sup-
ported from the cell floor.

Other large items in the fuel-processing cell include the NaF-filled
impurity trap (Figure 36) used to strip undesirable fluorides from UFg
during fluorination and the 42 in. diameter by 84 in. tall caustic scrub-
ber tank used for HF neutralization. The remaining items are small com-

ponents, piping, heaters, and insulation.

2.8 Freeze Flanges

Mechanical-type joints were provided in the 5-in. piping of
the fuel-~ and coolant-salt system to permit the major components to be
disconnected remotely and removed for maintenance or replacement. The
locations of the five flanged joints are shown in Figure 12.

As shown in Figure 37, the design of the flange utilized a large
diameter face as a heat sink to maintain a barrier of frozen salt to pro-

tect the gasket from contact with molten salt. Each flanged connection
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also contains a leak detecting-buffer gas connection to the ring groove
area. The semicircular flange clamps are made of spring steel so that
they remain in place when forced around the flange with no bolting being
required. Figure 38 shows the installed guide arrangement for the clamps

and the simple type of tool required for their removal and installation.

2.9 Freeze Valves

The flow of molten salt in the drain, fill, and processing systems

was controlled by freezing or thawing a short plug of salt in a flattened

section of 1 1/2-in. pipe, called a "freeze valve". This method of valving

was necessary because no mechanical-type valve had been developed for
molten-salt service. These valves were closed (frozen) by a regulated
cooling-air flow through a shroud around the flattened section of pipe and
opened (thawed) by shutting off the air and applying electrical heat to
the valve. All valves, except the reactor drain valve, also contain a
volume tank located vertically nearby to always provide enough residual
salt in the line to form the salt plug.

There are twelve freeie valves in the reactor systems, all of which
are fabricated of 1 1/2-in. INOR~8 pipe. Six are installed in 1 1/2-in.
lines and six in 1/2-in. lines. One valve, which is in the reactor drain
and fill line is inside the reactor thermal shield, six are in the drain-
lfank cell, three are in the fuel-processing cell, and two are in the

coolant cell. Figures 39, 40, 41, and 42 show the various arrangements

and details of the twelve valves. The locations of the valves with respect

to other equipment are shown in the process flow diagrams (Figures 11, 26,
29, and 34). ‘

2.10 salt Syétems Heaters and Thermal Insulation

All salt-cohtaining components and pipes in the MSRE are thermally
insulated and equipped with electrical heaters capable of maintaining the

salt above the liquidus temperature of 850°F. Because of the diversity

of sizes, shapes, orientation, and accessibility of the items to be heated,

a variety of both heater types and insulating methods and materials were

used.
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With few exceptions, salt-containing components and piping within the
reactor and drain-tank cells are heated with remotely removable heating sys-
tems. Consequently, flexible leads and remotely operable disconnects were
required for each heater unit. This power feed s&stem, the bulky heater and
insulation units along with their respective support structures constitute a

very large portion of the total contaminated material within these cells.

2.10.1 Reactor Furnace

The inside of the thermal shield which encloses the reactor vessel is
insulated to a builtup thickness of 6 in. with ceramic insulation covered
with 16-gage 304 stainless steel sheet. The 1ll-in.-wide annulus between
this insulation and the reactor contains electrical resistance-type heaters
to form a furnace surrounding the reactor.. The heaters are 126 vertical
lengths of 3/8—in.—0.D., 0.035-in.-thick-walled Inconel tubing, each
8 ft 7 1/2 in. to 9 ft 11 in. in length, through which electrical current
- was passed. The heater tubing is in the form of 63 U-tubes which are
'arranged in nine removable sections of seven U-tubes each. Each U-tube is
contained in a 2-in.-0.D., 0.06 —in.-thick wall 304 stainless steel thimble

which is suspended from the top cover of the thermal shield.

2.10.2 Fuel-Salt-Pump Furnace

The lower half of the pump bowl, a 3-ft-long section of the pump suction
line, and the overflow tank were a;l heated in a common furnace which is
51 1/2 in. 0.D. by 66 in. tall. The heaters are 3/4-in.-diameter straight
tubes of 304 stainless steel containing ceramic-positioned resistance heat-
‘ing elements at the lower ends. Five of the heaters are about 8 ft long and
nine are 7 ft long. These 3/4-in.-0.D. heaters are contained in 1-in.-0.D.
304 stainless steel tubes. All the heaters were installed in assemblies
with lifting bails to simplify replacement.

The outer walls and bottom of the furnace are 5-in.-thick ceramic
block insulation covered with 20-gage 304 stainless steel sheet. The fur-
nace is suspended from the fuel-pump support plates and moved with the pump
in response to thermal effects. The heater elements have collars which also

rest on the support plate.

-“
L

R




69

2.10.3 Coolant-Salt-Pump Heaters and Insulation

Heat was applied to the coolant-salt pump bowl by fourteen 6 in. x
8 in. x 5/8 in. thick flat-plate ceramic heater units. Six of the heaters
are equally spaced at the bottom of the pump bowl and eight are arranged
vertically around the sides. The heaters are mounted in brackets in a 304
stainless steel basket which is hung by fourlhooks from the pump structure.
The outside of the heater basket is insulated ﬁith 4 in. of asbestos-

based insulation covered with asbestos finishing cement and glass cloth.

2.10.4 Fuel- and Flush-Salt-Drain-Tank Heaters and Insulation

The three drain tanks were heated by cylindrical furnaces made up of

insulated tanks with removable lids and removable heater units. The heaters
are located within the annuli between the drain tanks and furnace tanks.

Each furnace contains seven removable heater units spaced around its respec-

‘tive drain tank.

The outsides and bottoms of the furnaces are insulated by two 2-in.-
thick layers of asbestos-based insulation enclosed in 1l6-gage 347 stainless
steel. The removable furnace lids contain ceramic fibers as the insulating

material.

2.10.5 Fuel-Storage-Tank Heaters and Insulation

The fuel storage tank in the fuel-processing cell was heated by four
sets of heaters at the bottom, the lower half, the upper half, and the top.

Each heater had an installed spare and was not replaceable. The top and

side heaters are tubular, and the bottom heater is made up of flat ceramic-

plate units. The heaters are enclosed in 6 in. of asbestos-based insulation

finished with fiber glass cloth and insulating cement.

2.10.6 Coolant-Salt-Drain-Tank Heaters and Insulation

The coolant-salt drain tank was heated on the sides by thirty-two
0.315 in. 0.D. x 74 in. long tubular heating units and on the bottom by

sixteen flat ceramic heater plates.
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The tank is insulated by a 5-in.~thick layer of ceramic-block insu-
lation applied over a 20-gage 304L stainless steel shell which séparates-
~ the insulation from the heaters. The insulation is finished with fiber

glass cloth and insulating cement.

2.10.7 Heat-Dump Radiator Heaters and Insulation

The radiator coil is mounted in an insulated steel enclosure equipped
with large (8 ft tall by 11 ft wide) insulated vertically operated doors
- on the inlet and outlet sides of the coil. Heating was provided by 60
tubular heaters mounted vertically 3 1/2 in. apart across both faces of
the coil. These range in length from 48 in. to 102 in. The top and
bottom of the coil were heated by sixty 18 in. long by 7 1/2 in. wide flat
ceramic heater plates attached to steel baffle plates. The inlet and out-
let salt headers were heated by a total of forty~two 4 in. by 12 in. flat
ceramic heater plates enclosed with 20-gage 304 stainless steel cans.

All the inside surfaces of the enclosure including the doors are
covered with'insulating ceramic block or insulating board and protected
with a sheath of 16-gage stainless steel where air erosion could be a

problem.

- 2.10.8 Piping Heaters and Insulation

The heater types and insulating methods for the salt-bearing piping

depended primarily upon location and accessibility. All horizontal sections

of the fuel-salt and coolant~salt 5-in. pipes within the reactor cell
andvthe 1 1/2-in. drain lines in the drain-tank cell are equipped with
removable combined heater and reflective insulation modules as shown in
Figure 43. These contain molded ceramic heater plates arranged to heat
the top and sides of the pipe and rest upon permanently installed insu-
lated bases. The reflective metal insulation consists of nine layers of
0.006-in.-thick stainless steel and one 0.002-in.-thick layer of pure
silver encased in a stainless steel shell. The vertical leg of the fuel-
salt pipe jdst below the heat exchanger has permanently installed tubular
heaters covered with reflective insulation.

‘The section of the 1 1/2-in. drain line from the bottom of

the reactor vessel to the freeze valve manifold in the drain-tank cell
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was heated by passing an electric current through the line itself. This por-
tion is insulated with permanently installed asbestos-based insulation.

Most of the 1 1/2-in.-diameter piping in the drain-tank cell was
heated and reflective insulated with the removable modular units. The
remainder, including the line to the fuel-processing cell, were heated
with tubular heaters and insulated with permanently installed asbestos-
based insulation.

All salt-bearing pipes in the fuel-processing cell were heated with
permanently installed tubular heaters and insulated with asbestos.

All the coolant-salt-bearing piping in the coolant and radiator
enclosures were heated by tubular heaters strapped to the pipes under

asbestos-based insulation.

2,10.9 Heat-Exchanger Heaters and Insulatijon

The heat exchanger was heated and insulated with removable modular
heating and reflective insulating units of the same type used for the 5-in.-

diameter pipes except that they were made to fit the 16-in.-0.D. shell.

2.10.10 Heater and Thermocouple Leads

The heater electrical supply leads within the reactor cell and drain-
tank cell are 1/2- and 3/8-in.-0.D., copper sheathed, mineral-insulated
multiconductor cables having flexible sections between the cable terminus
and the heater connector. The flexible length is made with ceramic-beaded
nickel alloy wire sheathed in 3/4-in.-0.D. flexible stainless steel hose.
The reactor cell contains 79 cables ranging in length from 5 to &15 ft
long, and the drain-tank cell contains 88 cables of about the same length
range. The flexible power leads terminate at junction boxes or disconnect
boxes that are conveniently located throughout the cells. A transition
from the flexible leads to the copper-sheathed cables is made at these
boxes. The cables then are routed via cable trays to the containme<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>